The red blood cell (RBC) has a composite membrane consisting of a lipid bilayer coupled to a two-dimensional spectrin network, which confers to the cell its characteristic properties of simultaneous softness and strong shear elasticity 1, 2 . Because RBCs have a relatively simple structure, they represent a convenient model for studying cell membranes, which have broad applications in both science and technology 3, 4 . The lipid bilayer is 4-5 nm thick, and exhibits fluidlike behavior, characterized by a finite bending modulus κ and a vanishing shear modulus, µ≈0. The resistance to shear, crucial for RBC function, is provided by the spectrin network, which has a mesh size of ~80 nm.
Spontaneous membrane fluctuations, or "flickering", have been modeled theoretically under both static and dynamic conditions in an attempt to connect the statistical properties of the membrane displacements to relevant mechanical properties of the cell 5-9 . These thermally-induced membrane motions exhibit 100 nm scale amplitudes at frequencies of tens of Hz. In past studies, measurements of the membrane mean squared displacement vs. spatial wave vector, 2 ( ) u q ∆ , revealed a q -4 dependence predicted by the equipartition theorem, which is indicative of fluidlike behavior 6, 10-13 .
These results conflict with the static deformation measurements provided by micropipette aspiration 14, 15 , high-frequency electric fields 16, 17 , and, more recently, optical tweezers 18 , which indicate an average value for the shear elasticity of the order of characterized by a constant refractive index. Therefore, measurement of the cell optical path-length via interferometric techniques can provide information about the physical topography of the membrane with sub-wavelength accuracy and without contact.
However, existing optical methods, including phase contrast microscopy (PCM) 6 , reflection interference contrast microscopy (RICM) 10 , and fluorescence interference contrast (FLIC) 20 are limited in their ability to measure cell membrane displacements. It is well known that PCM provides phase shifts quantitatively only for samples that are optically much thinner than the wavelength of light, which is a condition hardly satisfied by any cell type. Similarly, a single RICM measurement cannot provide the absolute cell thickness unless additional measurements or approximations are made 21 . FLIC relies on inferring the absolute position of fluorescent dye molecules attached to the membrane from the absolute fluorescence intensity, which may limit both the sensitivity and acquisition rate of the technique 20 . Thus, none of these techniques is suitable for making spatially-resolved measurements of the dynamics of cell membrane fluctuations, and testing the hypothesis of Gov et al.
In this Letter, we present highly sensitive experimental measurements of thermal 
where k B is the Boltzmann constant and T=298 K is the absolute temperature for our experiments.
The measured values at low-q deviate from this form; however, this is expected for wavelengths corresponding to the size of the vesicles. The only two parameters used for the fit are the tension coefficient, σ, and the bending modulus, κ. The Our samples were primarily composed of RBCs with a typical discocytic shape, but also contained cells with abnormal morphology which formed spontaneously in the suspension, such as echinocytes, with a spiculated shape, and spherocytes, approaching a spherical shape. By taking into account the free energy contributions of both the bilayer and cytoskeleton, these morphological changes have been successfully modeled 19 . 
